Key indicators: single-crystal X-ray study; T = 292 K; mean (C-C) = 0.003 Å; R factor = 0.040; wR factor = 0.096; data-to-parameter ratio = 13.6.
The title compound, C 19 H 30 O 9 , was prepared by substitution at the C6 position in 1,2;3,4-di-O-isopropylidene-6-Otrifluoromethanesulfonyl-d-galactose using sodium ethoxymalonate in dimethylformamide. The conformation is skewboat 0 S 2 , slightly distorted towards boat B 2,5 . The inflexible pyranose structure makes the title compound a suitable intermediate for further synthetic work by keeping stereogenic carbon atoms safe from inversion. Several short intramolecular C-HÁ Á Á O contacts may stabilize the conformation of the molecule. Intermolecular C-HÁ Á ÁO interactions also occur.
Related literature
For syntheses of this and similar compounds, see: Bouhlal et al. (2001) ; Doboszewski et al. (1987) ; Honeyman & Stening (1958) ; Sugihara et al. (1963) ; Tipson (1953) ; Cipolla et al. (1996) . For the structures of diisopropylidene-galactopyranose and related compounds, see: Krajewski et al. (1990 Krajewski et al. ( , 1994 ; Coutrot et al. (2001) ; Weaver et al. (2004 Weaver et al. ( , 2006 ; Boeyens et al. (1978) ; Berces et al. (2001) . For conformations of small rings, see: Schwarz (1973) ; Cremer & Pople (1975) ; Boeyens (1978) ; Hill & Reilly (2007) ; Kö ll et al. (1994) . For analysis of absolute structure, see: Flack (1983); Hooft et al. (2008) To realise these objectives we (BD & PRS) have prepared the title compound by substitution at the C6 position in 1,2;3,4-di-O-isopropylidene-6-O-trifluoromethanesulfonyl-D-galactose using sodium ethoxymalonate. Substitutions at this atom in diisopropylidene-galactose are rather difficult and require prolonged reaction times and/or elevated temperatures (Tipson, 1953 , Honeyman & Stening, 1958 , Sugihara et al., 1963 , Bouhlal et al., 2001 . Howeever, by using the best available leaving group, a trifluoromethanesulfonate, smooth nucleophilic substitution can been accomplished in less than 10 min (Doboszewski et al., 1987) .
The absolute structure of 6-deoxy-6-(diethylmalonyl)-1,2;3,4-di-O -isopropylidene-D-galactopyranose is certain from the synthetic route which does not affect asymmetric atoms of the starting compound. Nevertheless, we preferred to receive a direct experimental confirmation using X-ray diffractometry data. Because there are no heavy atoms in a chiral molecule of title compound, Cu Kα radiation was necessary for determination of the absolute structure.
In the crystal structure of title compound ( Fig.1 ), all bond lengths and bond angles have standard dimensions. Fig. 2 shows that the pyranose ring adopts a skew-boat with atoms C1, C3, C4, and C5 being within 0.03-0.08 Å from their mean plane, and O1 and C2 atoms being at 0.633 (2) and -0.557 (2) Å, respectively. Such conformation is named O S 2 in the IUPAC notation (Schwarz, 1973) . A quantitative analysis of the ring conformations in the titlw compound was performed using the method of Cremer and Pople (Cremer & Pople, 1975 , Boeyens, 1978 for the calculation of parameters of puckering. The polar parameters for the pyranose ring are Q = 0.639 (2) Å, Φ = 325.1 (2)°, and θ = 80.3 (2)°. These suggest the conformation as skew-boat 0 S 2 (Φ = 330°, θ = 90°), slightly distorted towards boat B 2,5 , (Φ = 300°, θ = 90°); the same conformation is designated as a twist-boat O T 2 when using the Boeyenes nomenclature. This conformation is similar to many other known galactopyranoses with two substituent isopropylidene rings (see, for example, POCSUV (Krajewski et al., 1994) : Q = 0.632 (5) Å, θ = 82.8 (5)°,Φ = 327.4 (4)°; JERJIUL (Krajewski et al., 1990) : Q = 0.631 (5) Å, θ = 79.7 (5)°, Φ = 324.9 (5)°; ICALED (Coutrot et al., 2001) : Q = 0.646 (4) Å, θ = 83.9 (4)°, Φ = 334.2 (3)°; BIHZUO (Weaver et al., 2004) : (Boeyens, Rathbone & Woolard,1978) : Q = 0.65 Å, Φ = 329°, θ = 81°). All conformations of substituted compounds are radically different from the chair conformation of unsubstituted α -D-galactopyranose. This is caused by the presence of the two isopropylidene substituents that make the geometry of the pyranose ring more rigid and less sensitive towards any effects of substituents at the remaining C5 position. A detailed discussion of terminology and different puckering coordinates being used to describe six-membered non-aromatic cycles can be found in Hill & Reilly (2007) and Köll et al. (1994) .
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The same approach yielded the parameters of puckering Q(2) = 0.279 (2) Å, Φ = 283.3 (4)° and Q(2) = 0.234 (2) Å, Φ = 177.1 (7)° for the 1,2-and 3,4-isopropylidene rings. These values correspond to the envelope conformations 4 E (Φ = 288°) and E 1 (Φ = 180°) with atoms O3 and O4 being out of their corresponding planes by 0.426 (2) and 0.357 (2) Å correspondingly ( Fig. 3 and 4 ). All other atoms in both five-membered rings are located within 0.01 Å from their mean planes.
No classic hydrogen bonds are possible for the title compound. However, several short C-H··· O contacts were detected that possibly stabilize the existing conformation of the molecule (Table 1) .
The inflexible pyranose structure makes the title compound a suitable intermediate for further synthetic work by keeping the stereogenic carbon atoms C1-C5 safe from inversion. For the same reason, it is very probable that in solution this molecule will keep almost the same geometry as in the molecular crystal.
Experimental
Synthesis of the title compound was accomplished similar to previuosly published fluorination reaction (Doboszewski et al., 1987) . We treated 1,2;3,4-di-O-isopropylidene-6-O-trifluoromethanesulfonyl-D-galactose with sodium ethoxymalonate in dimethylformamide at 333 K; the title compound was isolated in 80% yield ( Figure 5 ). The compound is identical to previously obtained via a free-radical process in low yield (Cipolla et al., 1996) . Spontaneous crystallization from a hexane-ethyl acetate system yielded colourless crystals suitable for single-crystal diffractometry (m.p. 331-334 K).
Refinement
The chirality of the title compound was known from the synthetic route; it was also examined using anomalous scattering.
Analysis of the absolute structure using likelihood methods (Hooft et al., 2008) was performed using PLATON (Spek, 2003) ; 1570 Bijvoet pairs were employed. The results confirmed that the absolute structure had been correctly assigned:
the probability that the structure is inverted is smaller than 10 -9 with probability of racemic twinning at 0.002. Because no atom heavier than O is present, the standard deviation of the Flack parameter is relatively high. All H atoms were positioned geometrically and refined using a riding model, with C-H = 0.99-1.03 Å and U iso (H) = 1.2 or 1.5 U eq (C). The rotating group model was applied for the methyl groups. 
